Abstract. Intra-abdominal desmoid tumor is a lifethreatening disease. Studies have shown that dacarbazine (DTIC)-doxorubicin (DOX) (D-D) therapy is the most effective treatment. However, myelosuppression is a major problem, and cardiac muscle disorders due to DOX limit the number of administration cycles, whereas it usually requires a long time to achieve tumor shrinkage. To resolve these issues, we introduced low-dose D-D therapy to 3 patients employing 50 mg/m 2 DOX and 600-700 mg/m 2 DTIC per cycle, which permits repeated administration cycles up to 10-11 times. Case 1 was a 23-year-old female with a sporadic recurrent mesenterium desmoid tumor located in the pelvis (maximum diameter, 8 cm). Cases 2 and 3 were a 33-year-old female and a 36-year-old male. Both patients had intra-abdominal mesenterium desmoid tumors (maximum diameter 9.6 and 9.0 cm, respectively) that were generated after proctocolectomy due to familial adenomatous polyposis. No severe adverse events occurred during the therapy. With the aid of sulindac and tamoxifen after low-dose D-D therapy, the first two patients achieved a complete response, and the third patient achieved a partial response and awaits further tumor shrinkage. Our experience indicates that low-dose DT-D therapy is a safe and effective regimen for patients with intra-abdominal desmoid tumors.
Introduction
Desmoids are benign fibromatoses, composed histologically of mature fibroblasts. The tumors usually grow slowly. For extraabdominal desmoids, local control may be mainly achieved by surgical intervention and may be improved with the addition of radiation therapy, considering functional and cosmetic outcomes (1, 2) . However, intra-abdominal desmoid tumors are life-threatening. Although desmoids do not metastasize to other organs, they grow and invade locally and infiltrate into surrounding organs such as the intestine, ureters and major vessels, causing bowel and ureteric obstruction and intratumoral hemorrhage.
In patients with familial adenomatous polyposis (FAP), desmoid tumors develop approximately 1,000 times more frequently than in the general population, among whom they are rare (3) . Desmoid tumors develop in 3.6-13% of patients with FAP (4), and account for 10-14% of deaths of FAP patients, making it the second leading cause of death after colorectal carcinoma (3, 5) . Surgery is usually indicated for extraabdominal desmoids such as those in the abdominal wall, but it is not recommended for mesenteric desmoid tumors, which account for the majority of intra-abdominal desmoids, since they are difficult to curatively resect. Surgery carries a high risk of serious complications such as bleeding, injury of the involved organs and short bowel syndrome, and it is associated with a high incidence of recurrence (6, 7) .
Dacarbazine (DTIC)-doxorubicin (DOX) therapy (D-D therapy) is a hopeful therapeutic option against desmoid tumors, providing a high clinical response (8) (9) (10) (11) (12) . DOX interferes with the function of topoisomerase II and DTIC is an N-methyl-type compound that produces alkylating species. It was demonstrated that adding DTIC to DOX to treat sarcoma patients resulted in a better clinical outcome than DOX alone (13) . The adverse effects of this protocol are well documented (14) . Myelosuppression occurs as one of the major problems of this therapy. In addition, the risk of heart failure due to DOX limits the number of administration cycles although it usually takes a long time for patients with desmoid tumors to reach remission. Based on the original protocol proposed by Patel et al (10) (14) . To reduce the myelosuppression and assure an extended therapeutic period, we modified the protocol adopting lowdose DTIC (600-700 mg/m 2 /cycle) and DOX (50 mg/m 2 /cycle). We aimed to accomplish 10-11 therapeutic cycles. In this study, we report the successful treatment of 3 patients with intra-abdominal desmoids by the modified regimen that was safe and effective against desmoid tumors.
Case reports
General treatment and results. Low-dose DTIC-DOX (D-D) therapy was approved by the Institutional Review Board for Patients, and all expenses for DTIC and DOX therapy were paid by the Medical School Experience of the Osaka University Hospital. Low-dose D-D therapy was administered to 3 patients with intra-abdominal desmoid tumors: one sporadic and two FAP-associated tumors. For each cycle, DTIC and DOX were administered by continuous infusion by the central vein route for 3 days (72 h), repeated every 4-5 weeks (Fig. 1B) . A total of 10-11 cycles of low-dose D-D therapy was administered. Two patients whose followup period after therapy was more than 4 years achieved a complete response (CR). The third patient whose last administer rate was completed in September 2011 had a partial response (PR). To monitor for heart dysfunction caused by DOX, electric cardiography and echocardiogram were repeated periodically, but no adverse effects were detected. Other adverse events were only slight ones: nausea, vomiting, alopecia and leukocytopenia without fever. All patients were able to spent ~20 days at home in a month during low-dose D-D therapy.
Individual treatments Case 1. In 1997, a 23-year-old female was found to have a 5.5-cm size sporadic desmoid tumor in the pelvic space and she underwent surgery. Three years later the recurrent tumor appeared in her pelvis, and she underwent a second surgery. In September 2005, she again had recurrent disease, and the tumor was no longer resectable due to invasion to the vagina and rectum. Her principal doctor consulted our team. In October 2005, the computed tomography (CT) scan image indicated that the desmoid tumor (maximum diameter, 8 cm) occupied the right half of the lower pelvis and it compressed the rectum far to the left side ( (Fig. 2A) . The patient had grade 1-2 leukocytopenia ( Fig. 2A , CTCAE v3.0) (15) but had no febrile neutropenia (CTCAE v4.0). An anti-estrogen receptor (tamoxifen, 40-20 mg/day) and the NSAID sulindac (Clinoril, 300 mg/day) were subsequently administered orally. After 10 cycles, the tumor diameter was (Fig. 2B) . In February 2011, the desmoid tumor almost disappeared, and the rectum was located back to the middle site (Fig. 2B) . The patient has not had a recurrent tumor up until August 2012.
Case 2.
In November 2004, a 33-year-old female underwent proctocolectomy due to FAP. In August 2006, an intraabdominal desmoid tumor (9.6 cm in diameter) derived from the mesenterium was found (Fig. 3A) . From August 2006 to October 2007, low-dose D-D therapy (562.5 mg/m 2 DTIC and 47.0-53.0 mg/m 2 DOX per cycle) was executed for a total of 11 cycles, followed by oral administration of an anti-estrogen receptor (tamoxifen, 40-20 mg/day), and the NSAID sulindac (Clinoril, 300 mg/day) (Fig. 3A) . During the therapeutic period, the patient experienced grade 1 nausea and grade 1 vomiting (CTCAE v4.0, Fig. 3A) . She had no febrile neutropenia. Instead, the patient had grade 1 or 2 leukocytosis (CTCAE v3.0) which was alleviated promptly by treatment with granulocyte stimulating factor (GCSF) twice (Fig. 3A) . In December 2007, the tumor volume was decreased by 83.75% (Fig. 3B) . The desmoid tumor continued to shrink and in December 2010, CT scan imaging showed only a remnant scar (Fig. 3B) . The patient has not had a recurrent tumor up until June 2012.
Case 3. In February 2006, a 33-year-old male underwent procto colectomy due to FAP. In September 2010, an intraabdominal desmoid tumor (9.0 cm in diameter) generated from the mesenterium was found by CT scan (Fig. 4B) . From November 2010 to September 2011, low-dose D-D therapy (700 mg/m 2 DTIC and 50 mg/m 2 DOX) was administered 10 times, followed by oral administration of the NSAID sulindac (Clinoril, 300 mg/day) (Fig. 4A) . During the therapeutic period, blood toxicity was not experienced. The patient experienced grade 2 vomiting and grade 1 alopecia (CTCAE v4.0) (Fig. 4A) . In August 2011, the tumor volume decreased by 81.4% (Fig. 4B) . 
A B B B A Discussion
Dacarbazine-doxorubicin (DTIC-DOX) therapy achieved better results against desmoid tumors (8-12) than other potential treatments such as prednisolone, interferon γ, vinorelbine, vinblastine and methotrexate (16) (17) (18) (19) (20) . We previously reported the case of a patient who repeatedly had aggressive intraabdominal mesenteric desmoids after proctocolectomy due to FAP. He was administered 667-800 mg/m 2 DTIC and 67-80 mg/m 2 DOX in each cycle. Although this DTIC-DOX therapy in a total of 7 courses achieved tumor inhibitory effects, the patient experienced grade 3 to 4 leukocytopenia (CTCAE v3.0) 5 times in 7 therapies, and at the time GCSF was necessary. Moreover, during the tumor regression, the patient had a fever of higher than 38˚C, which persisted for 2 months.
Apart from severe leukocytopenia, one adverse effect of DTIC-DOX therapy is heart dysfunction due to DOX. , drug administration is limited to 4-6 cycles for fear of heart failure. Paradoxically, it usually takes an extended time for the desmoid tumor to reach complete remission. Therefore, we planned to administer a reduced dose of DTIC and DOX at 600-700 and 50 mg/m 2 , respectively, per cycle. According to this protocol, we were able to continue therapy every 4-5 weeks for 10-13 months (10-11 cycles).
The first two patients after a long follow-up period achieved a complete response (CR). Case 2 patient had no febrile neutropenia and had an absolute neutrophil count <1000 without fever, which was treated with GCSF twice. Case 2 patient also did not have febrile neutropenia but did not require GCSF throughout the therapeutic period. Both patients spent 1 week in the hospital and 3-4 weeks at home during each cycle period.
According to RECIST guidelines, a 30% reduction in tumor diameter (2r) for partial response is equivalent to 65% reduction in tumor volume (4/3πr 3 ) (21). However, the desmoid tumor of case 1 patient had only a 12.2% reduction in volume 4 months after commencement of the therapy, and the desmoid tumor of case 2 patient had a 14.3% reduction in volume after 5 months ( Figs. 2A and 3A) . Many physicians may discontinue therapy at this point as these patients did not achieve a partial response even after 4-5 months from the start of the treatment. However, considering our previous experience of patients treated with a standard dose of D-D therapy, the desmoid tumors of the patients did not respond to therapy until 4 months and subsequently continued to shrink for a long time. Therefore, we continued low-dose D-D therapy by monitoring the tumor volume carefully and their desmoid tumors continued to shrink, eventually achieving almost a CR. Consequently, case 1 patient received 10 cycles for 12 months, and case 2 patient received 11 cycles of low-dose D-D therapy for 14 months. CR was maintained for 1.5 and 2.5 years, respectively.
After D-D therapy, we administered NSAID sulindac and an anti-estrogen receptor tamoxifen to facilitate tumor shrinkage. These agents are reportedly shown to be effective in 15-30% of desmoid tumor cases (22, 23) . Since the desmoid tumor of case 1 patient markedly shrank after low-dose D-D therapy with the aid of sulindac and tamoxifen, we cannot deny the possibility that additional administration of these supplementary agents might also be of importance for treating desmoid tumors.
We are currently treating the third patient who had intraabdominal desmoid after proctocolectomy due to FAP with low-dose D-D therapy (Fig. 4A) . The tumor volume of this patient decreased by 32.6% at 2 months and by 81.4% at 9 months following commencement of low-dose D-D therapy, without any serious adverse events (Fig. 4) .
Taken together, we showed that low-dose DTIC-DOX therapy is safe and effective and ensures an acceptable quality of life to the patients who need to endure a long therapy period. Further large scale confirmation study is essential.
